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INTRODUCTION 

5 Field of the Invention 

The invention relates to illumination of targets and capture of images for inspection 
of the targets. The targets may, for example, be circuit boards in a surface mount 
production line, either pre-reflow or post-reflow. 

10 

Prior Art Discussion 

It is well known that colour images provide more detailed information than 
monochrome images. For example, colour images are generally required for pre- 
1 5 reflow component inspection. 

Unites States Patent Specification No. US 5245671 (Omron) describes one technique 
for capturing images. This involves use of three rings of light emitters. Each ring 
emits one of red, green, and blue colours. The light emitters are mounted so that the 
20 light is emitted at different angles so that they converge and combine to provide 
white light. It appears that this technique is effective at generating good quality 
colour images for analysis. However, it suffers from the need to use a colour camera. 
This imposes restrictions on the available resolution and it is also quite expensive. 

25 Japanese Patent Specification No. JP07012748 (Omron) describes a system having 
multiple cameras and optical filtering to separate images. This arrangement appears 
to be complex because of the need for multiple cameras and for optical filtering. 
Japanese Patent Specification No. JP06066534 (Iwaki) describes use of rings of light 
sources at different angles to successively capture monochrome images with different 

3 0 illumination angles . 
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Therefore, the invention is directed towards providing an illumination unit and a 
machine vision inspection head incorporating the unit to provide for improved image 
quality whereby more information may be gleaned than has heretofore been the case. 

5 SUMMARY OF THE INVENTION 

According to the invention, there is provided an illumination unit for a machine 
vision system, the illumination unit comprising: 

10 means for illuminating a target with monochrome illumination for sufficient 

time for a camera to capture a monochrome image, and 

means for subsequently illuminating the target with a different monochrome 
illumination at substantially the same angle for sufficient time for a camera to 
15 capture a different monochrome image of the same target whereby the 

sequentially-captured monochrome images may be superimposed by an image 
processor to provide a colour or near-colour image. 

In one embodiment, the unit further comprises means for sequentially illuminating a 
20 target with a third monochrome illumination. 

In one embodiment, the monochrome illumination wavelengths are red, green, and 
blue. 

25 In one embodiment, each monochrome illumination means comprises a plurality of 
light emitting diodes of the same wavelength. 

In one embodiment, the diodes are arranged in a ring. 
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In one embodiment, the diodes of different monochrome illumination means are 
distributed to provide a similar illumination intensity and distribution for each 
image. 

5 In another embodiment, the unit comprises a plurality of rings, each ring comprising 
diodes of all illumination means arranged in a uniform pattern. 

In one embodiment, the overall pattern is a pleated pattern when viewed from the 
target. 

10 

In one embodiment, the unit further comprises an additional illumination means. 

In one embodiment, the additional illumination means comprises a ring of light 
emitting diodes mounted to direct light at an angle onto a target which is different 
1 5 from that of the monochrome illumination means. 

In a further embodiment, the unit comprises an annular support supporting the 
monochrome illumination means, and supporting a plurality of additional 
illumination means for illumination at different angle ranges. 

20 

In one embodiment, each additional illumination means emits monochrome 
illumination. 

In one embodiment, an additional illumination means emits ultraviolet light. 

25 

In one embodiment, an additional illumination means emits near infra red light 

According to another aspect, the invention provides a machine vision head 
comprising an illumination unit as defined above, a monochrome camera, and a 
30 camera controller comprising means for controlling sequential capture of the 
successive monochrome images. 
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According to another aspect, the invention provides a machine vision system 
comprising a machine vision head as defined above and an image processor 
comprising means for superimposing the monochrome images. 

5 

According to a still further aspect, the invention provides a method of inspecting a 
target, the method comprising the steps of: 

(a) illuminating the target with monochrome illumination; 

10 

(b) capturing an image when the target is illuminated with the illumination of 
step (a); 



(c) repeating steps (a) and (b) for each of at least one different monochrome 
15 illumination at substantially the same angle until a plurality of 

monochrome images are captured; 

(d) combining the monochrome images to provide a combined image; and 

20 (e) processing the combined image to determine information about the 

target. 



In one embodiment, the target includes wet solder paste and a monochrome 
illumination is of ultraviolet wavelength. 

25 

In another embodiment, the target includes copper leads or tracks and a 
monochrome illumination is of near infra red wavelength. 

In one embodiment, the target includes component leads and solder paste, and the 
30 monochrome illuminations include green and blue illuminations. 
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In the latter embodiment, the method may comprise the further steps of illuminating 
the target with red wavelength illumination at a different angle and processing the 
images by measuring the overlap between leads, paste, and pads. 

5 DETAILED DESCRIPTION OF THE INVENTION 

Brief Description of the Drawings 

The invention will be more clearly understood from the following description of 
10 some embodiments thereof given by way of example only with reference to the 
accompanying drawings in which: 

Fig. 1 is a diagrammatic cross-sectional elevational view of an illumination unit 
of the invention; and 

15 

Fig. 2 is an underneath plan view of a section of the unit. 
Description of the Embodiments 

20 Referring to the drawings, an illumination unit 1 of the invention is shown. The unit 
1 comprises a support which is generally annular in shape extending in the vertical 
direction to provide different angles of illumination onto a target. The support 2 
comprises, in order from the top down, a first section 3, a second section 4, a third 
section 5, and a fourth section 6. Each section comprises a wall extending at a 

25 different angle to the horizontal so that light emitting diodes (LEDs) mounted on the 
wall emit at a particular range of angles associated with the section. 

In this embodiment, the first section 3 comprises UV LEDs 10 which emit at an 
angle approximating to 75°. The second section 4 comprises I.R. LEDs 1 1 which 
30 emit at an angle approximating to 60°. The third section 5 comprises LEDs which 
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emit at an angle approximating to 45°. The fourth section 6 comprises red LEDs 15 
which emit at an angle approximating to 30°. 

The LEDs in the different sections are driven so that a target is illuminated with light 
5 at different angles so that different inspection information is obtained. The light 
wavelength for the sections is chosen for the application. For example, the LEDs in 
the first section 3 may alternatively be blue, and those in the second section 4 may be 
red. 

10 The camera used is a monochrome camera. Such cameras provide excellent 
resolution for relatively little expense. 

The unit 1 provides for generation of colour images where this is important for 
inspection analysis. The third section 5 supports three rings of LEDs in close vertical 
1 5 proximity. Each ring within the section 5 comprises blue LEDs 12, red LEDs 13, and 
green LEDs 14 arranged so that they are interspersed in a uniform pattern around the 
ring as shown most clearly in Fig. 2. The pattern is very simple and may be 
expressed as follows: 

block position 1 : red, 
20 block position 2: green, 

block position 3: blue, 

block position 4: red, 

25 

There may be any suitable number of LEDs in each block, typically ranging from 
one to ten. This pattern is present in each ring, and it is implemented in each ring so 
that the colours are offset in adjoining rings in an overall "pleated" pattern for 
30 illumination uniformity. 
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The unit 1 also comprises a drive means, not shown, which activates all blue LEDs 
12 in the section 5 for a time period sufficient for the monochrome camera to capture 
a blue monochrome image. It then activates all of the red LEDs 13 in the section 5 
for sufficient time for the camera to capture a red monochrome image while the 
5 target is at the same position. Finally, the drive activates all of the green LEDs 14 in 
the section 5 for sufficient time for the camera to capture a green monochrome image 
with the target at the same position. For each colour in succession, there is a 5 ms 
integration followed by an 83 ms image readout time. 

10 Thus, a single high-speed, high-resolution monochrome camera obtains an image for 
each colour of light by the drive circuit time sequencing the lighting ON with the 
exposure of the camera for each wavelength of light for which an image is required. 
Also, further information may be obtained by using the sections 3, 4, or 6. For 
example, UV LED lighting may be used to stimulate fluorescence or emission at a 

1 5 longer wavelength light that is in the detection band of the sensor. This may further 
improve classification of scenes. 

Returning again to illumination by the section 5, the camera captures three 
monochrome images of the same target. These are then superimposed by an image 

20 processor to provide a colour image. Because the LEDs 12, 13, and 14 are distributed 
uniformly around the section 5, the illumination intensity and distribution is the 
same for each monochrome image. Therefore, the colour image generated by the 
image processor is of excellent quality and at least matches that of a colour camera of 
the same resolution captured with white light illumination. Indeed, because 

25 monochrome cameras are generally available in higher resolution than colour 
cameras the image quality would be typically better. 

Indeed, it has been found that by using multiple monochrome images more 
information may be obtained than with colour illumination. There are various 
30 advantages to use of monochrome illumination and the invention achieves these 
benefits and the benefits of colour images to obtain the "best of both worlds". In 
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more detail, the resolution, sensor size and speed of monochrome cameras is better. 
Using a monochrome camera and lighting with different wavelength sources allows 
sharper and larger images to be obtained as up to 25 mm sensors are available, the 
pixels are smaller, there is no bleeding of colour, the sensors are of higher quality, 
5 and there is no problem with registration of images as all images are taken with the 
camera/ sensor in the same position relative to the object field. 

The above is not true of prior art colour CCD cameras or multiple monochrome 
cameras. Also, an RGB camera is designed to work with white light and to output 

10 colour information on the scene. Accordingly, the capability to detect some features 
is limited as the optimum contrast between these features may occur at a wavelength 
(or multiple wavelengths) outside the area allowable by the white light/colour sensor 
combination. The presence of light at a wavelength other than the optimum 
wavelength for viewing the feature of interest prevents useful information on the 

15 scene from being extracted. Also, in the prior art, where optical filtering is used to 
select the image there is a limit on the number of wavelengths that can be used and 
the registration between cameras is a problem. 

On the other hand, with monochrome cameras made from silicon the CCD sensor 
20 has sensitivity for imaging in the 400nm to lOOOnm wavelength range. Any LED 
wavelength falling within this range may be used with the monochrome camera and 
sequential lighting. Using LED switching in the time domain gives greater versatility 
because some circuit boards may have components that are particularly 
reflective/transmissive at one wavelength. Using LEDs at the wavelength of interest 
25 allows the contrast of the combined images to be maximised by using the spectral 
reflective and transmissive properties of the region under inspection to be maximised. 
The section 5 may have LEDs of colours other than red, green, and blue because 
they may be selected for the particular application. Also, some applications may 
require only two or greater than three successive illuminations and corresponding 
30 images to be merged. 
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The following are some illustrative examples of applications of the invention. 

Example 1: Wet paste inspection 

5 The Ultraviolet LEDs 10 are used to stimulate fluorescence on particular features so 
that they may be viewed without distortion from other reflective components. For 
example, wet solder paste fluoresces visible light when Ultraviolet light is used as 
illumination. In this case the scene appears as highly bright objects (fluorescent paste) 
on a black background (UV absorbing solder mask etc). Although metal objects 
10 (copper) may reflect the UV this is outside the wavelength selection range of the 
sensor and so these objects also appear black. 

Example 2: Copper inspection 

15 Near Infra red light penetrates the solder mask layer of circuit boards. To inspect 
copper tracks below the solder mask layer, the Infra red LEDs 11 are used. 
Switching to the red LEDs 15 in sequence allows the metal outside the solder mask 
to be viewed and to confirm registration die to the area of bare copper visible under 
RED lighting. Further inspection of paste on the pads is then possible using the UV 

20 LEDs 10 as described in Example 1 . 

In effect the images under each illumination condition can be used to determine 
spectral information on the item to be inspected. This may then be used to program 
the lighting sequence to highlight the contrasts of interest in the identification of 
25 particular defects. There is no advantage to using a colour camera to achieve this. 
Monochrome cameras offer significant advantages to colour cameras for this process. 

Example 3: Lead to paste direct measurement. 

30 Using red LED lighting at angles from the section 6 and using green and blue 
lighting at one angle from the section 5 it is possible to segment the lead and the 
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paste directly. One can also measure the overlap between the lead, paste, and pad 
and calculate much more accurately if the part will reflow properly. One can thus 
reduce the number of "correct but unnecessary" false calls when a part is offset, but 
could be predicted to reflow properly. This may be possible using a colour CCD also 
5 but would require the time sequencing of the lighting to get the contrast required. As 
a monochrome camera has a bigger sensor (1280 x 1024 versus 768 x 576), better 
resolution, and a higher number of frames per second, it offers significant advantages 
over a colour camera. 

1 0 Example 4: Paste Under lead measurement. 

The system can detect the presence of paste around leads on pads. If the paste is not 
present over several adjacent deposits, this can be flagged as an error. The capability 
to inspect paste when the lead is on top of it is possible because the reflective 
1 5 properties of the lead and paste differ due to selection of lighting conditions that 
allow specific detection and segmentation of each material. Also, for inspection of a 
SMT component on a circuit board it is possible to inspect several deposits nearby 
each other, only calling an error if a certain number of them are bad. Finally, solder 
bridges between leads may be found using the same lighting configuration. 

20 

Example 5: Loaded board paste and component inspection. 

It is possible to achieve simultaneous 100% component and 100% or nearly 100% 
paste inspection using illumination from the section 5. This may be used to report 
25 paste position as well as presence / absence, to report offsets to the screen printer, 
and to monitor the forward and backward strokes of the printer. Finally, 
unpopulated deposits can be used to perform 3D paste measurement if required. 

Colour cameras alone would not provide the capability to perform the inspections 
30 outlined above. It is achieved in the invention by time sequencing the lighting at 
each wavelength of interest. Each image is effectively monochrome, and the 
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monochrome images are identified by the lighting source which formed them and the 
features they contain relative to other monochrome images taken with other lighting 
on the same camera. However, where desired, sequencing of the red, blue, and 
green LEDs of the section 5 achieves a colour image when the monochrome images 
5 are superimposed. 

The invention is not limited to the embodiments described, but may be varied in 
construction and detail. For example, it is not essential that the unit have additional 
illumination means to provide illumination at different angles. However, the 

10 arrangement described is particularly versatile as it may be used very effectively for 
both pre-reflow and post-reflow inspection. Also the LEDs in the section 5 may be 
distributed in a different pattern which achieves sufficiently uniform illumination for 
all of the sequential images. The benefits from capturing successive monochrome 
images may be obtained by using more than one camera. If multiple cameras are 

1 5 used, they may be mounted at different angles with respect to the target. 

The invention is not limited to the embodiments described but may be varied in 
construction and detail. 
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Claims 

1. An illumination unit (1) for a machine vision system, the illumination unit 
comprising: 

5 

means (12, 13, 14) for illuminating a target with monochrome illumination for 
sufficient time for a camera to capture a monochrome image, and 

means (12, 13, 14) for subsequently illuminating the target with a different 
10 monochrome illumination at substantially the same angle for sufficient time for 

a camera to capture a different monochrome image of the same target whereby 
the sequentially-captured monochrome images may be superimposed by an 
image processor to provide a colour or near-colour image. 

15 2. An illumination unit as claimed in claim 1, wherein the unit further comprises 
means (12, 13, 14) for sequentially illuminating a target with a third 
monochrome illumination. 

3. An illumination unit as claimed in claim 2, wherein the monochrome 
20 illumination wavelengths are red, green, and blue. 

4. An illumination unit as claimed in any preceding claim, wherein each 
monochrome illumination means comprises a plurality of light emitting diodes 
(12, 13, or 14)of the same wavelength. 

25 

5. An illumination unit as claimed in claim 4, wherein the diodes are arranged in 
a ring. 

6. An illumination unit as claimed in claim 5, wherein the diodes of different 
30 monochrome illumination means (12, 13, 14) are distributed to provide a 

similar illumination intensity and distribution for each monochrome image. 
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7. An illumination unit as claimed in claim 6, wherein the unit comprises a 
plurality of rings, each ring comprising diodes of all illumination means 
arranged in a uniform pattern. 

8. An illumination unit as claimed in claim 7, wherein the overall pattern is a 
pleated pattern when viewed from the target. 

9. An illumination unit as claimed in any preceding claim, wherein the unit 
further comprises an additional illumination means. 

10. An illumination unit as claimed in claim 9, wherein the additional illumination 
means comprises a ring of light emitting diodes (10, 11, 12) mounted to direct 
light at an angle onto a target which is different from that of the monochrome 
illumination means. 

11. An illumination unit as claimed in claim 10, wherein the unit comprises an 
annular support (12) supporting the monochrome illumination means (12, 13, 
14) and supporting a plurality of additional illumination means (10, 11, 12) for 
illumination at different angle ranges. 

12. An illumination unit as claimed in any of claims 9 to 11, wherein each 
additional illumination means emits monochrome illumination. 

13. An illumination unit as claimed in any of claims 9 to 12, wherein an additional 
illumination means emits ultraviolet light. 

14. An illumination unit as claimed in any of claims 9 to 13, wherein an additional 
illumination means emits near infra red light. 



15. An illumination unit substantially as described with reference to the drawings. 
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16. A machine vision head comprising an illumination unit as claimed in any 
preceding claim, a monochrome camera, and a camera controller comprising 
means for controlling sequential capture of the successive monochrome images. 

17. A machine vision system comprising a machine vision head as claimed in 
claim 16 and an image processor comprising means for superimposing the 
monochrome images to provide a colour image. 

18. A method of inspecting a target, the method comprising the steps of: 

(a) illuminating the target with monochrome illumination; 

(b) capturing an image when the target is illuminated with the illumination of 
step (a); 

(c) repeating steps (a) and (b) for each of at least one different monochrome 
illumination at substantially the same angle until a plurality of 
monochrome images are captured; 

(d) combining the monochrome images to provide a combined image; and 

(e) processing the combined image to determme information about the 
target. 

19. A method as claimed in claim 18, wherein the target includes wet solder paste 
and a monochrome illumination is of ultraviolet wavelength. 

20. A method as claimed in claim 18, wherein the target includes copper leads or 
tracks and a monochrome illumination is of near infra red wavelength. 
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21. A method as claimed in claim 18, wherein the target includes component leads 
and solder paste, and the monochrome illuminations include green and blue 
illuminations. 

5 22. A method as claimed in claim 21, wherein the method comprises the further 
steps of illuminating the target with red wavelength illumination at a different 
angle and processing the images by measuring the overlap between leads, paste, 
and pads. 



WO 01/29542 



1 12 



PCT/IE00/00130 




WO 01/29542 



2/2 



PCT/IE00/00130 




INTERNATIONAL SEARCH REPORT 



PCT/IE 00/00130 



gto International Patent Classification (IPC) or to both n« 



ial classification and IPC 



B. FIELDS SEARCHED 


Minimum documentation searched (classi 

IPC 7 G01N G01R 


cation system followed by classification symbols) 




Documentation searched other than minim 


jm documentation to the extent that sucn documents are 


ncluded in the fields searched 



Electronic dc 

WPI Data, PAJ 



C. DOCUMENTS 



TO BE RELEVANT 



Category ° Citation of d< 



re appropriate, of the re 



Relevant to claim Ni 



JP 06 066534 A (IWAKI ELECTRON CORP LTD) 

8 March 1994 (1994-03-08) 

abstract 



US 4 882 498 A (COCHRAN DON W ET AL) 
21 November 1989 (1989-11-21) 
abstract 

column 3, 1 ine 47 - 1 1ne 50 

column 4, line 8 - line 16 

column 5, line 29 - line 40 

column 6, line 44 - line 53 
figures 1,3,4 

EP 0 443 289 A (CIMFLEX TEKNOWLEDGE CORP) 

28 August 1991 (1991-08-28) 

abstract 

column 5, line 36 -column 6, line 50 



-/-- 



1,2,4,5, 
9-12,16 
3,6,13, 
14,17,18 

3,13,14 

19-21 



m 



Further documents are listed in 



Special categories of 

V document defining the general state of the art which is not 

considered to be of particular relevance 
£■ earlier document but published on or after the international 

filing date 

document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 



er document published after the international filing date 
•r Drioritv dale and not in conflict with the application but 
inciple or theory underlying the 



the actual completion of the 

23 November 2000 



30/11/2000 



id mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 



Authorized officer 



Verdoodt, E 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Interr rial Application No 

PCT/IE 00/00130 



C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation ol document, with In 



>n. where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 452 905 A (HITACHI LTD) 
23 October 1991 (1991-10-23) 
column 9, line 2 - line 41 
column 10, line 43 - last line 
figures 10,12 

US 4 692 690 A (HARA YASUHIKO ET AL) 
8 September 1987 (1987-09-08) 
column 5, line 33 - line 40 

US 5 369 492 A (SUGAWARA KENJI) 
29 November 1994 (1994-11-29) 
the whole document 

US 5 713 661 A (WHITE TIMOTHY PETER) 
3 February 1998 (1998-02-03) 
column 10, line 5 - line 37 
figures 13,17 



6 

1,18 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

. .ormation on patent family members 



Interr nal Application No 
PCT/IE 00/00130 









no m mnji 


US 


oUblozib 


jj 


^4-uy-iyyi 


AU 


6448690 


l\ 


13-04-1991 


AU 


6538090 


A 


31-05-1991 


CA 


2064014 


A 


20-03-1991 


CA 


2064250 


A 


01-05-1991 


EP 


0493487 


A 


08-07-1992 


EP 


0498811 


A 


19-08-1992 


JP 


6507470 


T 


25-08-1994 


WO 


9106846 


A 


16-05-1991 


WO 


9104634 


A 


04-04-1991 


us 


4972093 


A 


20-11-1990 


us 


5072127 


A 


10-12-1991 



US 5060065 A 22-10-1991 

AT 172795 T 15-11-1998 

CA 2036877 A,C 24-08-1991 

DE 69032724 D 03-12-1998 

DE 69032724 T 08-07-1999 

JP 3056269 B 26-06-2000 

JP 6300702 A 28-10-1994 



JP 3072998 B 07-08-2000 

JP 4001510 A 07-01-1992 

DE 69107882 D 13-04-1995 

DE 69107882 T 02-11-1995 

KR 9500331 B 13-01-1995 

US 5166985 A 24-11-1992 



JP 


1614840 


C 


15-08- 


-1991 


JP 


2038885 


B 


03-09- 


-1990 


JP 


60135806 


A 


19-07- 


-1985 


JP 


1646571 


C 


13-03- 


-1992 


JP 


3007881 


B 


04-02- 


-1991 


JP 


60135807 


A 


19-07- 


1985 


DE 


3477693 


D 


18-05- 


-1989 


EP 


0149849 A 


31-07- 


1985 


KR 


8904956 


B 


02-12- 


1989 



US 


5369492 


A 


29-11-1994 


JP 


2969401 B 


02-11-1999 










JP 


5121512 A 


18-05-1993 










KR 


9606966 B 


25-05-1996 


US 


5713661 


A 


03-02-1998 


AU 


718904 B 


20-04-2000 










AU 


7519796 A 


15-05-1997 










EP 


0857391 A 


12-08-1998 










WO 


9716024 A 


01-05-1997 



Form PCT/ISA/210 (patent family annex) (July 1992) 



